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â-carbolines and Vitamin E Protect Against Nitric Oxide-induced 
Lipid Peroxidation in Rat Brain Homogenates
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Abstract: Tryptoline  and  pinoline are two â-carbolines isolated from the nervous system of mammals.

We have investigated the level of lipid peroxidation (LPO) in rat brain homogenates in the presence of

nitric oxide (NO) which was released by the addition of sodium nitroprusside ( SNP ).We also examined

the effect of other known antioxidants (vitamin E) on the NO-induced LPO. The concentration of

malonaldehyde (MDA) plus 4-hydroxyalkenals (4- HAD) was used as an index of LPO.Incubation of

(tryptoline, pinoline or vitamin E) with SNP (5 mM) increased MDA+4 HDA production in brain

homogenates which were totally prevented by tryptoline, pinoline and vitamin E in a concentration

dependent manner. Under the in vitro conditions of this experiment, vitamin E was more efficient than

â-carbolines (pinoline and tryptoline) in limiting NO-induced LPO in rat brain homogenates.           
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INTRODUCTION

Nitric oxide (NO) is an endogenously produced

free radical which was initially characterized as

endothelial derived relaxing factor .NO is now[1]

recognized also as a neurotransmitter in the central

nervous system . The role of NO that is formed as[ 2 , 3 ]

a consequence of glutamate receptor activation has

been extensively investigated. NO mediates biological

actions ranging from vasodilatation, neurotransmission,

inhibition of platelet adherence and aggregation, and

macrophage – and neutrophil – mediated killing of

pathogens . High concentrations of NO are toxic and[2]

interact with superoxide ( O2q-) to form peroxynitrite

(ONOO-) . ONOO- is a strong oxidant and, at[4]

physiological pH, it is protonated to form peroxynitrous

acid (HOONO), a relatively long – lived oxidant. This

decomposes  spontaneously  to  form  another  potent

oxidant  with  the  reactivity  of a hydroxyl-like

radical , which could initiate lipidperoxidation .[4 ,5] [6]

Free radicals are molecules or atoms characterized

by the presence of unpaired electron in its outer orbital.

They are highly unstable, usually very reactive, and

they have very short half-lives.The nervous system is

highly  sensitive  to  free radical injury because

neurons  have an elevated metabolic rate. Additionally,

the brain contains high concentrations of iron and has

relatively poorly developed antioxidant defense

mechanisms .When free radicals react with the[7 ,8]

phospholipids of a biological membrane, they initiate

a devastating chain reaction, identified as lipid

peroxidation,  that  leads  to  less  or suppression of

numerous membrane-dependent cellular functions and

even to the cell death . Several molecules including[9]

malondaldehyde (MDA) and other aldehydes are

produced as a consequence of lipid peroxidation . [10]

The â-carbolines are an interesting class of

psychoactive compounds  with a structural[1 1 ]

resemblance to the molecular frame work of the well

known dopaminergic neurotoxin 1-methyl-4-phenyl-1,

2, 3, 6-tetrahydro pyridine.

1,  2,  3, 4-tertrahydro-â-carboline ( tryptoline )

and  6-methoxy-1,  2,   3,   4-tetrahydro-â-carboline

(pinoline) are two tricyclic compounds present in the

brain with awide neuroanatomical distribution .[12,1 3 ]

Although their physiological role is unclear, it has been

reported that pharmacological concentrations of these

compounds may inhibit the activity of the monoamine

oxidase, they also reduce uptake of serotonin in the

central nervous system . Both â-carbolines show[14 ,15]

Sbenzodiazepines like anxyolytic effects in animals

subjected to stress , and also increase brain[15 ,16 ,17 ,18]

serotonin levels .Tryptoline reduces the activity of[16]

complex I of the mitochondrial respiratory chain, the

main source of free radicals in vivo . Furthermore[11]

pinoline stabilize hepatic microsomal membrane against

lipid Speroxidation induced by FeCl3, adenosine

diphosphate (ADP) and nicotinamide Sadenine

dinucleotide phosphate (NADPH) . [19 ,20]

Recently it was proposed that â-carbolines may

derive from indoles by condensation with aldehydes ,[21]

which are generated during peroxidation of membrane

lipids. 
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In the present study we tested the effect of

tryptoline and pinoline in preventing lipid peroxidation

induced in vitro by the addition of sodium nitroprusside

( SNP ), a spontaneous releaser of NO. We also

compared the effect of vitamin E on NO-induced LPO

in  rat  brain  homogenates. The tissue concentration

of  malonaldehyde  ( MDA ) plus 4-hydroxyalkenals

(4-HDA) was used as an index of LPO .[22]

MATERIALS AND METHODS

Chemicals: Sodium nitroprusside ( SNP ), tryptoline,

pinoline and vitamin E were purchased from Sigma

chemical Co., USA. The Bioxytech LPO-586 kit for

lipid peroxidation was obtained also from Sigma. Other

chemicals used were of the highest quality available.

Methods: Male Spargue- Dawley rats (body weight

200-230 g) were anesthetized and perfused through the

heart with 0.9% NaCl(4°C). Immediately after

perfusion, the brains were removed and kept frozen at

-80°C until there homogenization with 20mM Tris-HCL

buffer, pH 7.4. Aliquots of brain homogenates (3mg

protein/ml) were incubated in a water bath at 37°C for

60 min with 5mM SNP in the presence or absence of

either tryptoline, pinoline or vitamin E (0.001, 0.003,

0.01, 0.03, 0.1, 0.3mM). Lipid peroxidation was

stopped by placing the homogenates into ice-cold water

for 10 min at 4°C. LPO products in the supernatant

were estimated using a Bioxytech LPO 586 kit. 

Measurements of Malonaldehyde (MDA) and 4-

hydroxyalkenal (4-H DA) levels and protein

concentrations: MDA and 4-HDA levels were used as

an index of LPO. These products were determined

using the Bioxytech kit. In this assay, MDA and 4-

HDA react with N-methyl-2-phenylindole, yielding a

stable chromophore with a peak of maximum

absorbance at 586nm.Results are expressed as the

means ±SE of MDA+4-HDA n mol/mg protein.

Protein concentration was determined by the

Bradford method using bovine serum albumin as a

standard .[23]

RESULTS AND DISCUSSIONS 

As shown in (Fig.1), sodium nitoprusside

significantly increased MDA+4-HDA levels in brain

homogenates (P<0.001). SNP behaved as an excellent

oxidant in terms of LPO, being more potent than

2 2H O . The presence  of tryptoline and pinoline[24]

reduced , in a concentration-dependent manner, the

stimulatory effect on nitric oxide on lipid

peroxidation.(Fig.1).

Fig. 1: The effect of several concentrations of

tryptoline, pinoline, vitamin E on lipid

peroxidation induced by nitric oxide (5 mM)

in rat brain homogenates. The values represent

the means ± SE obtained in three independent

expirments.* p< 0.05 vs. nitric oxide. 

Also, the effect of typtoline and pinoline on NO-

induced LPO was compared with the antioxidant

capability of vitamin E.

Vitamin E is a major lipid–soluble antioxidant

which is concentrated in the hydrophobic interior of

cell membranes . Vitamin E is widely known to[25 ,26]

trap free radicals and to prevent peroxidative damge of

membranes .
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The present study shows that the concentration of

tryptoline, pinoline and vitamin E required to inhibit

the formation of MDA+4-HDA content by a 50% i.e

50(IC ) were 0.98, 0.92 and 0.031 mM (P<0.01),

respectively. Thus under the conditions of this in vitro

study, vitamin E was more efficient than tryptoline and

pinoline in preventing the NO-induced LPO in rat brain

homogenates.

Also, Germaine et al., and Pinol et al.,[24 ,29]

reported that vitamin E was more efficient than

melatonin in limiting  NO- induced lipid and protein

peroxidation in rat brain homgenates.

The highest concentrations of tryptoline, pinoline and

vitamin E used reduced MDA+4-HDA levels below

control values (Fig.1).

Nitric oxide has proven to be an ubiquitous signal

transduction molecule and a potent mediator of tissue

injury because of its low molecular mass, volatility,

lipophilicity, free radical nature, and diverse

reactivities .[30 ,31]

The present results show that NO is a potent LPO

2 2inducer, being even more efficient than H O . It has

been recently shown that OONO  is a powerful oxidant-

that can initiate LPO in leucocytes . OONO  is the[32] -

2product of the reaction between NO and O  . Besidesq-

its degeneration to OONO , NO also undergoes-

numerous other reactions. NO is an iron ligand, and

also reacts with iron-sulfur containing mitocondrial

enzymes. Interestingly, NO has been observed to

exhibit a protective role in pathological events

associated with excess production and reactoin of

partially reduced oxygen species. NO can intercept

various lipid radicals forming adducts, which results in

termination of chain propagation ; furthermore, NO[30 , 33]

can scavenge Fenton-type oxidant and also, NO

myoglobin and NO-Fe - cysteine, by themselves, act+2

2as antioxidants . Thus, the presence of O  diminishes[34] ÿ-

the antioxidant nature of NO while enhancing the

prooxidant function of NO.

Previously, it was reported that pinoline suppressed

LPO in brain homogenates , a protective role[29 ,35 ,36 ,37]

that may be related to its ability to reduce oxidative

stress-dependent membrane rigidity .[20]

Pinoline also reduced nitric oxide- induced lipid

peroxidation in retinal homogenates  and this[38]

carboline is found in the human retina . It was also[12]

demonstrated that pinoline protects DNA against

oxidative damage induced by chromium . It is[39]

possible that pinoline scavenges hydroxyl radical

generated from hydrogen peroxide in the presence of

4CuSO . This scavenging action may depend on both

the indolic ring and the methoxy group, which are

features common to pinoline .[29 ,40]

Here it is shown, for the first time, that tryptoline

also may reduce oxidative stress in brain homogenates.

Tryptoline includes in its structure the indolic ring

although it differs from pinoline in the absence of the

methoxy group at position 5. It has been shown that

me thoxyindo les  a re  be tte r  ant iox idan t than

hydroxyindoles . [41]

Tryptoline and pinoline are quickly distributed to

all tissues and they easily cross the blood-brain barrier

when they are peripherally administered to mice .[42]

Another studies of the subcellular distribution of [ H]-3

pinoline show that it is mainly localized in the cell

nucleus , suggesting a potential role of this â-[42]

carboline in protecting DNA against free radical injury.

In conclusion CNS is the most sensitive tissue to

oxidative damage due to free radicals. Until date, we

knew that the mechanism responsible for initiation LPO

was due to primarily the formation of OH or NO  .q q

Now, we demonstrate that NO induces lipid

peroxidation. Tryptoline, pinoline and vitamin E

reduced in a dose-dependent manner this lipid

peroxidation. Vitamin E was more potent than

tryptoline or pinoline in preserving the lipid

peroxidation induced by NO in the conditions used

under this in vitro study.
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